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Abstract 
Wearable healthcare systems are new healthcare solutions which aim to provide low-cost and ubiquitous healthcare 
services. In order to gain the user acceptance of this emerging technology, it is crucial to satisfy user requirements. 
Heuristics are rules of thumb or guidelines for user-centered systems design and evaluation. At present, there is lack 
of guidelines for the design and usability of wearable healthcare systems. The objective of this study is to present a 
set of heuristics, derived from an analysis of user requirements, to direct the design and evaluation of wearable 
healthcare systems. Usage of the proposed heuristics provides feedback to the developers on the extent to which 
wearable healthcare systems are likely to be compatible with the intended users’ needs and preferences  
Keywords: evaluation;  HCI; heuristics; systems design; wearable healthcare systems 
1. Introduction 
Wearable healthcare systems are new generation of healthcare solutions which provide unobtrusive and 
real-time monitor of user’s physiological parameters through the deployment of bio-sensors. This 
promising technology gives new potentials in the field of health and fitness. For any technological product, 
the technology alone is not sufficient to score a success in the market. The other two dimensions, 
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marketing and user experience, are also crucial [1]. Particularly, it is necessary to recognize the user needs 
to guarantee the user acceptance or mass acceptance. Unfortunately, little is known and studied about the 
design and evaluation of wearable healthcare systems from user perspectives. In this paper, based on the 
previous work [2], which explored the user requirements for these systems (Fig 1), we propose a set of 
heuristics from the point of view of Human Computer Interface (HCI) or user-centered systems design. 
These heuristics as rules of thumb or guidelines could be used to direct both the design and evaluation of 
wearable healthcare systems. Note that an important characteristic of the proposed heuristics is their 
notion is an expansion of that of traditional heuristics, focusing on systems design as well as UI design, 
maintaining the spirit of user understanding, which will be briefly described in section 3.  
Fig. 1. User requirements of wearable healthcare systems
2. Heurisitcs
Originated from the word ‘discover’, ‘heuristics’ is a kind of guidelines that help to determine systems 
design and evaluation from user perspectives. Heuristics have been widespread in the fields of HCI and 
UX (User eXperience), since Jakob Nielsen’s heuristic evaluation method was firstly introduced [3]. 
They are usually conducted by a user experience designer or an expert [4]. Whereas heuristics do not 
provide optimal solutions, they play a crucial role as rules that are built based on experts’ opinions or 
experiences, or even theoretical backgrounds. The notable examples are Nielsen’s 10 heuristics [5] and 
Shneiderman’s eight golden rules [6]. These rules are usually concerned with User Interface (UI) and 
usability, e.g. visibility of system status, user control and freedom, recognition rather than recall, 
provision of use shortcut, easy reversal of actions, etc. The simplicity is a powerful nature in heuristic 
evaluation. It is especially beneficial at the early stages of design. It does not require much user testing 
work, requiring only some experts and so reducing the complexity and expended time for design and 
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evaluation. This is why heuristics becomes the tools for discount usability engineering [7]. Though 
heuristic evaluation can uncover many major usability issues in a short period of time, a criticism also 
arises that results are highly influenced by the one-sided knowledge of the expert reviewers. 
3. Proposed heuristics 
The heuristics that we suggest in this paper are different from and rather expand the notion of the one 
used in HCI community. Traditionally in HCI community, heuristics have been used for the design and 
evaluation of user interface (UI) [3]. However, UI testing alone does not tackle all about user 
requirements. Understanding user needs and intentions are more than understanding UIs. The proposed 
heuristics are for systems design as well as UI design, while traditional heuristics are the UI-centered ones. 
Based on the obtained user requirements in the previous work [2], we have identified the following 20 
heuristics to guide the design, development, and evaluation of wearable healthcare system. 
1) Size and weight 
The system should have small size and low weight to be easily worn by the user. Advanced technology 
of sensor, battery, and on-body electronics would contribute solutions to this consideration. 
2) Placement 
The system should ensure a noninvasive and stable placement on the user’s body. Under the premise 
of secure and fitted attachment, which would contribute to artifacts prevention, the body movement of the 
user should not be hindered by using the system. 
3) Security
The system should guarantee the user safe in utilization. The sensors should not cause any skin 
irritation or allergies to the user. And there should not be any unwanted radiation or infection concerns 
when the system is used in long term [8]. 
4) User interface 
The system should incorporate a friendly, ease-to-use user interface. And the functions, which are 
supported by the system, should involve as little user interaction as possible. It means the number of 
operations to complete a task should be minimized. 
5) Aesthetics
The system should have an aesthetic appearance, or at least have little affection on user’s appearance. 
6) Processing 
The system should provide the ability of real-time processing. The user prefers measurement feedback 
without delay. And emergencies detected by the system could be handled in time. 
7) Data storage 
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Local data storage can reduce the amount of raw data and hence reduce the energy consumption in 
data transmission. Data size and type should be considered to balance the mass data and the requirement 
of system size and weight. 
8) Intelligence 
The system should have a degree of intelligence to provide more extensive and convenient services to 
the user. Medical decision algorithms should be developed to extract and integrate useful parameters from 
collected data from bio-sensors. 
9) Services
The quantity and quality of services supported by the system determine the level of user acceptance. 
For example, on-site result display, remote patient monitoring and emergency detection. 
10) Robustness 
The system is required to work well under different circumstances, performing robustly in real-life 
situation. 
11) Effectiveness
The measured bio-signals should achieve high accuracy and low distortion. And the results generated 
by the system should have enough reliability to be trusted by the medical professionals. 
12) Legal and ethical issues 
The user’s status information and personal medical data should be protected and forbidden to be 
disclosed to anyone else except the user. 
13) Sensing 
The system should have reasonable noninvasive sensing abilities to measure required bio-signals from 
the user’s body, e.g., ECG, respiration, physical activity, etc. 
14) Communication 
The system should provide wireless communication for bio-signals from bio-sensors to the system’s 
central unit, and for signal collection from the system to medical station or intermediate telecom facility 
(e.g., mobile phone). Both short and long range wireless transmission are included, e.g., Bluetooth and 
GPRS.
15) Interoperability 
Technical standardization and protocols can enable communication in a structured and open way [7]. 
This would benefit the information sharing and transmission between the systems and various health 
providers. 
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16) Power supply 
The power consumption of the system should be low to support long operation time. 
17) Scalability 
The ability of supporting the addition / removal of system components (e.g., sensors) is useful in 
adapting the changeability of user needs. 
18) Upgradability 
An upgradable system could extend the lifetime of delivered products, and hence increase the user 
acceptance. 
19) Validation 
Clinical or real-life validation is necessary to test the system and convince the user. However complete 
validation is not cost-effective. Therefore, the trade-off of validation breadth, depth and type should be 
considered carefully. 
20) Cost-benefit 
The physical cost to produce the system and the intangible or collateral benefits accruing from the use 
of the system should be assessed and compared to analyze the feasibility and advantages of system [8]. 
4. Conclusion 
Identifying guidelines is a crucial step in user-centered design to avoid the failure of the product. This 
paper introduced the guidelines or heuristics for designing and evaluating wearable healthcare systems. 
20 heuristics were demonstrated particularly for this cutting edge technology. Although the heuristics 
discussed in this study do not cover the full range of features of wearable healthcare systems, it provides 
practical information that could be adapted in different developing stages of such systems. 
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